Synergism of glucose and fructose in net glycogen synthesis in perfused rat livers.
Synergism of glucose and fructose in net glycogen synthesis was studied in perfused livers from 24-h fasted rats. With either glucose or fructose alone, net glycogen deposition did not occur (p greater than 0.10 for each), whereas the addition of both together resulted in significant glycogen accumulation (net glycogen accumulation was 0.21 +/- 0.03 mumol of glucose/g of liver/min at 2 mM fructose and 30 mM glucose, p less than 0.001). To better understand this synergism, intermediary substrate levels were compared at steady state with various glucose levels in the absence and in the presence of 2 mM fructose. Independent of fructose, hepatic glucose and glucose 6-phosphate increased proportionally when glucose level in the medium was raised (r = 0.86, p less than 0.001). Unlike glucose 6-phosphate, UDP-glucose did not consistently increase with glucose (p greater than 0.10); in fact, there was a small decrease at a very high glucose level (30 mM), a result consistent with the well-established activation of glycogen synthase by glucose. With elevated glucose, the level of glucose 6-phosphate was strongly correlated with glycogen content (r = 0.71, p less than 0.01, slope = 32). Adding fructose increased the "efficiency" of glucose 6-phosphate to glycogen conversion: the effect of a given increment in glucose 6-phosphate upon glycogen accumulation was increased 2.6-fold (r = 0.73, p less than 0.01, slope = 86). A kinetic modeling approach was used to investigate the mechanisms by which fructose synergized glycogen accumulation when glucose was elevated. Based on steady-state hepatic substrate levels, net hepatic glucose output, and net glycogen synthesis rate, the model estimated the rate constants of major enzymes and individual fluxes in the glycogen metabolic pathway. Modeling analysis is consistent with the following scenario: glycogen synthase is activated by glucose, whereas glucose-6-phosphatase was inhibited. In addition, the model supports the hypothesis that fructose synergizes net glycogen accumulation due to suppression of phosphorylase. Overall, our analysis suggests that glucose enhances the metabolic flux to glycogen by inducing a build up of glucose 6-phosphate via combined effects of mass action and glucose-6-phosphatase inhibition and activating glycogen synthase and that fructose enhances glycogen accumulation by retaining glycogen via phosphorylase inhibition.